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Abst.ract 

\\'e study the applicability of beam-beam deflection tedl· 
niques as a tuning tool for asymmetric B fa.cto ries, focus­

ing on PEP-II as a.n example. Assuming tbat the closed 
orbits of the two beams a.re separa.ted vertically at the inter­
action point by a local orbit bump that is nominally closed, 

we calculat.e the re.sid\lal beam orbit dist.ortioml due to the 

bea.m-beam interaction. Difference ol'bit measurements, per­
formed at points conveniently distant from the interact ion 
point. (IPL pro,,'ide distinct signatures. t.hat can be used to 
maintajn the beams in collision a.nd perform detailed optical 

diagnostics at the IP. A proposal to test this method exper­

imentally a.t t.he TRISTAN ring is briefly discussed. This 

a.rticle summarizes R.ef. [1]. 

1. Introduction 

Because of their two-ring structure, asymmetric B facto­
ries are likely to require more diagnostics and feedback 
mechanisms than single-ring colliders in order to guar­
antee head-on collisions. In addition to the traditional 
techniql.!es, however, the independence of the two beams 
allows one to envisage other kinds of beam diagnostics. 

In this article we investigate one such a possibjJjt.y, 
by looking at the closed orbit distort.ion produced by the 
beam-beam interaction when t.Le beams do not collide 
exactly head-on. We base this investiga.tion on an ana­
lytic model and sttong~strong muitiparticie simulations. 
A.lthough our discussion uses the PEP-II [2] design as an 
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1 Deceued. 

example, our conclusion is that, this t.echnique is quite 
a. pl'On~isillg diagnostics tool for asymmetric colliders in 
general. 

2 AUlllyticallllodcl for closed .. orbit distortions 

Under the "rigid Gaussian bunch" simplifying assump· 
tions [3, 4]! listed below. we can carry out. the analyt­
ical calculation of t.he dosed orbit. This approach il­
lustrates the basic features of the effect and. for typical 
realistic paramet.ers, is in gooci agreement with multi­
particle tracking simulations that do not involve some 
of the most impvrtant assumptions. The analysis pre­
sented here follows tha.t of Hirata and Keil [4), suitahly 
augment~d to include a ch)sed orbit bump at the IP 

\Ve assume that there is a single IP endowed with 
an orbit bump that splits the dosed orbits apart by a 
distanc.e d. It does not matter how d is apportioned 
between the e+ and the e- beams as long as t.he t.rjo 
tal separation of the nominal orbit.s adds up to d. For 
simplicit.y, we take this orbit separation to be purely 
vertical. \~'e assume that this orbit bump is nominally 
closed. i.e., that in the absence of tile beam .. beam force 
the orbits coincide exa.clly with the nominal. orbits in the 
region "outside" the bump. Because of the bea.m-beam 
interaction, however, there is a residual dosed orbit dis­
tortion everywhere in the ring. The situa.tion is sketched 
in Fig. 1. \Ve furlher assume that: (1) the bunche5 ar'e 
not tilted; (2) all effe,·c.ls from pa.rasitic crossings are ig" 
nored; (3) the bea.m sizes a.re independent. of d and have 
their nominal values; (4) the beam-beam interadion is 
treated in the impulse (thin·lens) approximation; (5) 
for tbe purpo.se of computing the beam~beam kick, the 
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Figure 1: Elevation sketch of the vertical closed orbit 
bump near the II' (LER:low-energy ring I HER=high­
energy ring). 

the rings are represented by linear I uncoupled arcs. As­
sumptions (3) and (4) are r~~moved in t.he multipart ielf' 
track.ing simulations mentioned below. 

The condition for the existence of a. closed orbit 
yields the weJl·kno.,'t'J) relation bet.ween the ('entroid dis­
placement at th(~ IP and t.he denect.ion 

(1) 

with a corresponding e.xpression for the horizontal quan­
tities. Here the centroid disp}acernents }'± are mea .. 
sHred rclatu'e to the blJ1nped nommally rI~')$(:d ortl&t,~ (set.> 
Fig. 1). In our particular cas~. in which the bump dis­
plttcement. is assumed to be purely vertical\ we look for 
solutions with X ± = 6X:i: = 0 (we asf,lIme that the 
parameters are such that there if:: no "'spontaneous orbit 
E,eparation~' r4] either horiz()nt.al1y or vert.ically). 

The deflections ,~y± are computed (rom the elec­
tromagnetic beam-beam kick produced by the opposing 
bunch [3). By combining them wilh Eq. (1) one finch. 
the set of two nonlinear equat.ions 

}'+ :::: Aw+'mF(O, y+ .- Y- + dj r:C1 E,l) 

y'_ :::.: Arv_ImF(O, Y"- -~ Y+ - d, 1:r., Ev) (2) 

\'there F(z! Y, 0'6'1 (Tv) is a (omple>: (~~l function:! and ~ 
and A a.re given by 

(3) 

(4) 

----------
'Our defuution at F diffen (rom tha.t in Ref. 15) b)' c()mp\u 

c.onjur;a.(.jol'l And A (.n.ctor 07 2i. 

2 

For the case O'·r:i: ;p CT~*, a practical rule of thumb 
(J] for t.he solution is the following: the maximurn orbit. 
dist.ort ion at. the I P occurs at d ~ 2El" and is given by 

where 2~+ is one of the four coherent. beam-beam pa­
rameters [4) I 

(6) 

Havin!; sol\'t'd for Vi:, tile closed orbit distortion at 
allY point in t.he ring is giW':ll by 

~Y' -
Y±(s) = 2 .' ± ) \,~±r3JJ±(s) cos(4)v±(s) - iTVy±) 

Sill ( iT 1111 ± v 
(7) 

where tPy±(s) is the betalron phase ad\'ance of th!' ob­
servation point measured f['Olll t.1}(~ IP. 

3 Applicatioll to PEP-II 

The result of solving Eqs. (1-2) for nominal \'ahJf>f, of 
PEP·I( paral11c{('rs (2J is shown in Fig. 2 (norninal nH'an!~ 
here ill Ih(\ absellce of tht' heam .. beam illl,(>raciion) AI~fI 

shown ::tf(' tlw resultS'. f1'0111 st.rollg-strong mull Ipart iell' 
tracking sililulall(jlls, which include thick \tons dfl'cb for 
fillil(' \Iunch I('lj~lli. !/.~ IIcilrotroJ1 nwtion, ndiatl(I!1 alld 
quantum ('xcita(lon, (\lid t.raIlSVerM) beam blowup dll,' 10 

t1w hecllll-!.H':llli illkrartjo)), Th(' simulatloll wa.!'> earrH d 
out wit II \'ol;oya's (1:)(1<' [G] with 200 sllpNpart i('k~ \Wr 
hUllch fnr Ih(' di1.111P:ing f.ill\e~i. TIH> relatloll )'+ -:::. _.)'". 

seen ill thc . ..,e re~1I1lH is Olle rOil S('(IlH'1l ((' ! 1] of til(' 'q'­

proxilliat e t.tallSp'tnlllry SYlllllld ry 17] !-oat Isfl,·d Ily Ill!' 
nominal paraIlJd(~r~. 

4 D isc\I ~SiOll of ('x~)(~l'inwBt aI f(,<lsi hi Ii y y 

\\'III\c th(~ rlo~('d or\lit di~tortion is quilf' small at III!'!P 
it is amplifif·d (,oll~idrrably at the beam posil Inn mC'II­

iton; (np~rs). Olle ('an estimate (8) the rrnr:; \'allw (If 

the orbit di!~ttJr(i()n and the mea.surement. error of tlw 
anglllM dencction at tl,(' IP by making t.he followillg 
a.s.~)\mlptions: (0) (~qual BPl\1 errors for a.lI BP~b. (1,) 

t"qual bela fUIIOiolls A <II tilt> BP~ts and (c) random iI\ 
erhgt' LetatrCtl1 phases at the BPMs- Olle t/l{'11 ohfall\~. 
ftom Eq~. (1) i:lIlJ (7), 

}' (BP~f) ,fii/ ;3; 
-)-;(1PT- ~ J2 cos(~ JIll) 
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Figurf 2: Beam··bram induced orbit (drse! at fhl' IP fur 
PEP-II and TRISTA N. Solid: mult i part iell' ~IIIIUIi:lli\)ns; 
da.shed: result. frolll solvillg Eqs. (1- 2) for nominal pa­
ran,ct.f'rs. 

where N is here the tot.al nUlll'lwr of Bl'~ls and (7'BP1\\ 
is Ole nus n1f'a..<;urenH'nt. error of each BP!\l. t1sing /3 :::. 
ao rn, the result.ant. arnplitl{'atloll fartt)r for PEp·II is 
}'(BP.M)/Y(IP) ~~ 4;) 

A proposal [H] has Ueen put. fort.}, to test these idea.s 
experimentally at TRISTAN. Resuk: r'lf tlw correspond­
ing calculat.ions [1] are also shown ill Fig. 2. Tllp ef­
fect is larger for TRISTAN than for PEP·n mostly tw· 
cause the tunc is further away from the half-illteger 
(cf. Eq. (5)). Assuming ~1 = 20 m. J\' ::: 100 and 
O'BPM = 5prn, which are typical for TRISTAN, weob­
tain Y (BPM )/Y (IP) '::: 25. The resultant e~timate for 
the error for ,6,1'" is -- 1 prad, and t he error b,v which 
the orbit displacement Y at t.he JP Ci\1I \'c d(,termined 
is ..... 0.2 lim, which is snlall compared t.o its maximum 
value ( ...... 1 pm) and to the rills beam h(,ight at. the I P 
(- Bpm). This error is probably dominated by power 
supply jitter [8J. 

This kind of precision makes the beam- beam deflec­
tion method quit.e promising ill its applicatiolls to IP 
~pot. size determination I as W(,11 as to f("Cdback sys(('I11:~ 

.3 

that. maintain the beams in collision. 

The method can also be examined in the frequency 
domain (1]. The (f - 7f' frequency split can then be used 
as all addit.ional diagnostic tool. 
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